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DETERMINATION OF MEAN SPECIFIC HEATS
AT HIGH TEMPERATURES OF SOME
COMMERCIAL GLASSES
I. INTRODUCTION
1. Object of Investigation.-Although numerous determinations of
the specific heats of various types of glasses have been made in the
past,* the results apply usually to the lower regions of temperature
where glass exists in the solid state. Since specific heat data regarding
molten glass are scarce,t it was deemed advisable to make such
measurements on some important types of commercial glasses.
The study of the specific heat of glass is of theoretical interest in
that its variation with temperature may serve to indicate polymeric
transformations occurring in glass at different temperatures. If such
transformations occur in any temperature interval, they would be
apparent from measurements made at smaller steps within this range.
Some attempts were made to determine whether transformations take
place in the interval 800 to 1050 deg. C. (see Table 4), but the pre-
cision of the method was not sufficient to draw conclusions regarding
their presence.
Specific heat measurements have the practical utility of affording
the means of predicting the fuel requirements in certain stages of the
manufacture of glass.
2. Temperature Interval Used in Mean Specific Heat Determina-
tion.-The importance of mean specific heat measurements is en-
hanced by making the temperature intervals as small as possible.
The method described herein could not be used over temperature
intervals sufficiently small to produce a continuous curve for deducing
true or "instantaneous" specific heats. The measurements were made
over two large temperature intervals, approximately 40-800 deg. C.
and 40-1000 deg. C., with the exception of one glass where measure-
ments were made at 50 degree intervals at furnace temperatures
ranging from 800 to 1050 deg. C. The mean specific heat data which
were obtained in the first case refer to the changes in heat content of
one gram of glass on being cooled suddenly from upper temperatures
of 800 and 1000 deg. C., respectively, to about 40 deg. C. It was not
*A summary may be found in the Glastechnische Tabellen of W. Eitel, M. Pirani, and K. Scheel;
Springer, Berlin, 1932, p. 237 et seq.
tMean specific heats of three bottle glasses have been given recently by H. E. Schwiete and H.
Wagner: Glastechn. Ber. 10, 26, 1932. .
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possible to determine the difference in mean specific heats which
exists between suddenly cooled glass and the same glass when in the
annealed state (see Section 15).
3. Glasses Tested.-The measurements of mean or "interval"
specific heats were made on nine different glasses, which included
soda-lime, lead, borosilicate, and opal glass compositions.
4. Acknowledgment.-This report is a contribution of the Engi-
neering Experiment Station of the University of Illinois, which is
under the administrative direction of DEAN M. L. ENGER. The work
was done in the Department of Ceramic Engineering of which PROF.
C. W. PARMELEE is the head. The investigation was initiated when
PROF. M. S. KETCHUM was Dean and continued while PROF. A. C.
WILLARD was Acting Dean.
The authors are grateful to the following men who co6perated by
furnishing analyzed samples of commercial glasses: F. C. FLINT
(Hazel-Atlas Glass Co.), R. W. GOODWIN (General Electric Co.),
R. H. LARDIN (Pittsburgh Plate Glass Co.), W. A. RUDISILL (That-
cher Manufacturing Co.) and J. W. WRIGHT (Owens-Illinois Glass
Co.). Appreciation is also expressed to DR. W. P. WHITE for criti-
cisms and suggestions made during the course of the work.
II. DESCRIPTION OF SPECIFIC HEAT APPARATUS
5. Arrangement of Apparatus.-The apparatus which was used for
the determination of mean specific heats of glass consisted essentially
of a furnace in which the glass sample was brought to a uniform tem-
perature and a calorimeter into which the hot sample was dropped.
The arrangement of the apparatus is shown in Fig. 1.
6. Description of Furnace.-An electrical resistance type of fur-
nace (Fig. 1) was used to heat the sample of glass. The furnace
heating element was an Alundum tube (1 2-inch bore) wound with
platinum 80-rhodium 20 alloy wire. The tube was placed in a sheet
iron shell, which was packed with powdered magnesia M and Sil-O
Cel Si, the ends of the shell being of Transite. A copper sheet was
placed about one-half inch beneath the furnace to decrease radiation
from the furnace to the calorimeter.
The ends of the furnace tube were closed by plugs which extended
about six inches into the tube. Each end-plug consisted of an Alun-
dum rod on which three Alundum disks were mounted equidistantly
to aid in the attainment of temperature uniformity. The end-plugs
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were equipped with platinum-rhodium wire heating elements, with
leads at A and B, which were wound on the rods between the radiation
disks. A piece of heavy spring brass Sp which was held in a swivel
mounting acted as a support for the lower end-plug.
7. Suspension of Glass Sample.-The sample of glass was con-
tained in a platinum crucible S (10 cc. capacity) which was fitted with
a platinum cover. A platinum-rhodium wire handle which passed
through the sides of the cover and crucible was used to suspend the
crucible from a dropping device Dr, which consisted of two Alundum
rods, hinged at H. A heavier platinum alloy wire (B. & S. gage 18)
was fixed to the lower end of the smaller rod and was passed through
a hole in the slotted end of the larger rod. This heavy wire went
through the wire suspension of the crucible and maintained the latter
in position. A suitable motion of the upper end of the small rod
caused the removal of the platinum pin from the slot in the large rod
and permitted the sample to fall.*
The movable rod of the dropping device passed through a small
annular opening in the furnace top, which would result in convection
losses from the furnace interior. In order to decrease this loss of heat
and so improve the temperature uniformity of the interior, a cup con-
taining loose asbestos tape As was placed around the opening. This
arrangement did not hinder the operation of the dropping mechanism.
When the desired uniformity of temperature in the furnace was
attained, the glass sample was dropped into the calorimeter after
removing the heating plug from the lower end of the furnace to pro-
vide an unobstructed passage for the drop of the crucible. A small
knife-type switch was .closed immediately, and this operation com-
pleted an electric circuit through the electromagnet E, which attract-
ed an iron stud F attached to the upper end of the small rod of the
dropping mechanism. It was necessary to open the furnace bottom
for only about two seconds in order to permit the sample to drop.
During this time the calorimeter was exposed to radiation from the
furnace.
8. Temperature Distribution in Furnace.-The distribution of tem-
perature in the furnace was explored and the glass sample was placed
in the zone of greatest uniformity.
In order to check the distribution of temperature which existed in
the furnace near the glass sample, a three-junction common-return
platinum-platinum-rhodium thermocouple was placed vertically
*A description of the dropping method may be found in W. P. White's publications, e.g., Chem.
Met. Eng. 25, 17, 1921.
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along the furnace wall near the sample. The cold junctions (Tof
Fig. 1) were kept at 0 deg. C. during the tests.
The electrical power input to the top and bottom auxiliary heating
coils and the main heating coil was manipulated by means of external
rheostats until the three thermocouples indicated a maximum differ-
ence of 1 deg. C. It was found that under such conditions a standard-
ized platinum-platinum-rhodium thermocouple, which was placed
in the empty sample container, indicated the same temperature
within a fraction of a degree as the mid-member of the three-junction
thermocouple. Therefore in all experiments the three furnace ther-
mocouples were allowed to show a maximum variation of 1 deg. C.,
and the sample temperature was assumed to be the same as that of
the middle thermocouple. The basis of this assumption is that, with
similar temperature environment, the temperature within the empty
platinum container was the same as that which existed when the
container held a sample of glass.
9. Description of Calorimeter.-The calorimeter shell was a four-
gallon stoneware jar, which was covered with hair-felt L (Fig. 1).
The temperature of the water in the jar was measured by a ther-
mometer Th. It was maintained at approximately 25 deg. C. by
means of a thermoregulator R in conjunction with a 25-watt heater
Ht and a stirrer St, which was operated intermittently.
A brass tube was fixed in position along the central axis of the jar,
and within this tube a quart-size Dewar flask was placed. This flask
contained 3 kg. of mercury Hg which was used as the quenching
fluid for the hot sample. The average temperature of the mercury
was measured by a series of twelve copper-constantan thermocouples
C which were enclosed in small glass tubes (4 mm. outside diameter)
that were arranged symmetrically close to the interior wall of the
flask. The upper ends of these tubes were cemented in Bakelite
blocks at the mouth of the Dewar flask. The thermocouples passed
through these blocks to an ice-water bath. The total e.m.f. of the
series of thermocouples was measured by means of a potentiometer
(Leeds and Northrup, Type K).
A brass mounting was bolted to the upper surface of the Bakelite
blocks. This mount carried horizontal channels in which two brass
doors D moved. The doors were faced with one-eighth-inch Transite
plates on their lower surfaces, and were held together in their closed
position by two heavy rubber bands which acted on studs projecting
from the upper surfaces of the doors.
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A Nichrome wire screen Sc extended from a point just above the
surface of the mercury to a height above the mouth of the Dewar
flask sufficient to prevent the doors D from closing. A brass collar
was fastened to the upper edge of the screen, and the frictional resist-
ance of this collar against the edges of the doors sufficed to hold the
screen in suspension above the mercury. When the sample was
dropped, it passed into the cylindrical space within the screen and
struck the screened bottom. The blow caused the screen to drop,
thus permitting the doors to close. The screen sank through the
mercury until it rested on the bottom of the Dewar flask.
In order to prevent the sample container from floating on the
surface of the mercury, four pieces of steel piano wire were placed at
90 degree intervals along the interior of the screen. These springs
were held near the side of the wire screen by small catches (not shown
in Fig. 1) which were released automatically when the container
struck the bottom of the screen and was trapped in the lower part of
the wire cage. An annulus of Nichrome wire was fixed near the lower
end of the springs to prevent the sample from floating on the surface
of the mercury in the space between the springs and the screen. This
falling screen mechanism insured the quenching of the sample in the
mercury without danger to the flask.
The use of mercury in calorimeters is not common. In the present
case it had some advantages over water. Its greater thermal
conductivity resulted in a greater uniformity of temperature in
the calorimetric fluid and a more rapid rise of temperature after
the drop of the sample had taken place. This consideration was of
importance, since the small dimensions of the Dewar flask precluded
the use of a stirring device. Also the evaporation of mercury was less
and probably more constant under the supposedly identical conditions
of repetitive drops.
III. CALIBRATION OF APPARATUS
10. Use of Vitreous Silica as Standard.-Part of the heat liberated
by the sample and container, when the hot charge was quenched in
the mercury in the calorimeter, was delivered to calorimeter parts
such as the walls of the Dewar flask, the screen mechanism used for
quenching, and the thermocouple system, while part was lost through
radiation.
Since the estimation of many of these losses would be subject to
great uncertainty, the total loss was compensated for by calibrating
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TABLE 1
CALIBRATION OF CALORIMETER WITH VITREOUS SILICA
Temperature of Sample
In
Furnace
01
deg. C.
827
846
849
863
868
873
899
919
919
920
928
932
934
966
976
986
992
1014
1014
1030
In
Calorimeter
02
deg. C.
37
40
40
41
39
35
39
37
39
38
38
35
39
39
35
37
37
37
39
39
Change in
Temperature
of Sample
A6
deg. C.
790
806
809
822
829
838
860
882
880
882
890
896
895
927
941
949
955
977
979
991
Rise in Total E.M.F. of
Thermocouples in
Calorimeter
Observed
AE
mv.
6.13
5.81
5.88
7.03
7.11
5.63
7.33
6.97
7.00
7.55
6.15
6.49
6.51
6.63
6.33
6.79
6.99
6.99
7.02
6.74
Corrected
for Pt Con-
tainer
AE'
mv.
5.00
4.65
4.71
5.84
5.91
4.41
6.07
5.67
5.71
6.20
4.84
5.18
5.20
5.28
4.96
5.41
5.60
5.57
5.60
5.30
the calorimeter with a substance of known specific heat and by using
the same methods in the calibration and glass sample tests.
The calibration of the apparatus was based on vitreous silica as a
standard substance, since the specific heat of this glass is known with
great precision from the investigations of W. P. White and others.*
This glass could be used to 1100 deg. C. without appreciable
devitrification taking place during the experimental period.
About five grams of transparent vitreous silica (commercial "Vit-
reosil") in the platinum container were dropped into the calorimeter
from various furnace temperatures. The rise in temperature of the
mercury in the calorimeter after the introduction of the hot charge
was measured by the increase in e.m.f. of the series of calorimeter
thermocouples (AE of Table 1). This increase in e.m.f. was due to
the heat content of the vitreous silica plus that of the platinum
container.
11. Correction for Heat Content of Platinum Container.-In order
to correct for the latter effect, the empty platinum container was
dropped into the calorimeter from furnace temperatures ranging from
*W. P. White: Am. Jour. Sci. IV, 47, 1, 1919.
Mass of
Silica
m
grams
6.055
5.520
5.520
6.736
6.736
4.973
6.738
6.139
6.139
6.738
5.142
5.520
5.520
5.346
4.971
5.364
5.520
5.364
5.366
4.973
Heat
Liberated
by Silica
(see Sec. 12)
AH
j oules
5074
4736
4758
5914
5961
4446
6219
5820
5814
6394
4931
5299
5294
5373
5070
5530
5732
5713
5709
5387
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FIG. 2. RISE IN E.M.F. OF SERIES OF THERMOCOUPLES IN CALORIMETER
PRODUCED BY QUENCHING EMPTY PLATINUM CONTAINER
TABLE 2
RISE IN E.M.F. OF SERIES OF THERMOCOUPLES IN CALORIMETER PRODUCED BY
QUENCHING EMPTY PLATINUM CONTAINER AT VARIOUS TEMPERATURES
Weight of empty platinum container, 10.605 g.
Temperature of Container
At Time of Drop
deg. C.
deg. C.
After Quenching
deg. C.
Change in
Change in
Temperature
A0
deg. C.
Rise in E.M.F. of
Series of Thermo-
couples
AEpt
mv.
1.10
1.105
1.165
1.15
1.22
1.26
1.28
1.28
1.34
1.34
1.335
1.37
1.41
1.44
1.46
1.48
1.52
827 to 1030 deg. C. The rise in temperature (AEpt of Table 2) was
dependent on the water equivalent of the calorimeter, the change in
temperature of the platinum container, the mean specific heat of
7Ž,
7z2
^
'q
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platinum over the observed temperature range, the heat loss of the
container during the dropping operation, radiation of heat from the
furnace to the calorimeter during the dropping period, and heat losses
from the calorimeter to the surroundings.
Figure 2 is a graph of the values of Table 2, showing the rise in
e.m.f. of the calorimeter thermocouples (AEpt) which was produced
when the empty container was quenched from various furnace tem-
peratures.
When the container held a silica sample, the correction for the
heat liberated in the calorimeter by the container was obtained
graphically from the smooth curve connecting the points of Fig. 2.
This correction was subtracted from the total increase in e.m.f.
(deduced as described in Section 13) and the remainder (in mv.) was
taken as the increase in e.m.f. produced by the silica alone. The
latter values are the AE' terms in Table 1.
12. Calibration Equation of Calorimeter.-Column 7 of Table 1
gives the quantity of heat liberated by vitreous silica during the
quenching operation. These values were calculated in the low tem-
perature region from the equation of W. P. White,*
103cm = 167.0 + 0.189t - 0.000125t 2,
where cm is the mean specific heat of vitreous silica in calories per
gram per degree C. The values from the International Critical
Tablest were used for the high temperatures of the sample existing
before the quenching process.
The figures in columns 5 and 7 of Table 1 were used to obtain the
calibration curve of the calorimeter. The straight line
AE' = 0.00096072 AH + 0.11
was found by the method of least squares from these data. This
equation gives the quantity of heat (AH in calories) corresponding to
various increases in e.m.f. of the series of thermocouples used to indi-
cate the temperature rise of the calorimeter (AE' in mv.), which was
determined by extrapolating the cooling curve of the calorimeter
(Section 13). A graph of these data is given in Fig. 3.
The accuracy of this method of determining specific heats de-
pended on the maintenance of similar conditions when the calibrating
substance (vitreous silica) and the glass sample were used. Attempts
to fulfill this requirement were made, first by holding the furnace
*R. B. Sosman, "The Properties of Silica," Chem. Catalog Company, New York, 1927, p. 330.
tInternational Critical Tables V, 105, McGraw-Hill, New York, 1929.
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FIG. 3. CALIBRATION CURVE OF CALORIMETER
temperature constant for about a half-hour just previous to the drop
in order to produce uniformity of temperature in the sample, and
secondly, by adjusting the calorimeter reading to approximately the
same initial reading so that the radiation losses of the glass and of the
calibrating substance were very nearly the same.
13. Correction for Heat Loss from Calorimeter.-As an illustration
of the time-temperature change of the calorimeter after a drop of the
charge, reference is made to Fig. 4. The transfer of heat from the
sample to the calorimeter was such that the maximum temperature
of the latter was attained in about forty-five seconds. The tempera-
ture then fell quite rapidly for about five minutes, and afterwards an
approximately linear rate of cooling took place.
As would be expected, the rate of heat transfer was dependent
somewhat on the particle size of the vitreous silica. Figure 4 illus-
trates this fact. Duplicate tests on vitreous silica (6.138 g.) when
dropped from the same furnace temperature (919 deg. C.) gave the
two sets of points as shown. In one set the silica glass was in the
form of a single slug, while in the other test the glass was in fragments.
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FIG. 4. COOLING CURVE OF CALORIMETER
The single slug produced a greater maximum temperature, but its
curve quickly approached the curve representing glass fragments.
The maximum temperature in each case probably resulted from a
surge of heat flow from the sample to the thermocouples. The rapid
drop in temperature was due to the heating of the metallic screen and
other parts of the calorimeter. The slower flow of heat to the exterior
then followed.
The usual methods of applying a cooling correction were not
applicable here. Consequently an empirical method was used which
assumed that the heat lost by the calorimeter in the first five minutes
after the drop of the charge was equal to that lost in the second
interval of five minutes.
To apply this correction, the difference between the five-minute
and ten-minute readings was added to the five-minute reading to
obtain a corrected reading at zero time, which was taken as the read-
ing of the calorimeter thermocouples if no loss occurred during the
heat transfer. This method of applying a correction disregarded the
abnormal character of the cooling curve during the first five-minute
interval after the drop of the sample. It was used in all drops,
whether of empty container or of container with silica glass or test
glass.
IV. DETERMINATION OF SPECIFIC HEAT OF GLASS SAMPLE
14. Method of Test.-A weighed charge of glass (about 5 g.) was
placed in the same platinum crucible as was previously used in the
calibration with vitreous silica. The sample was placed in position
on the dropping mechanism of the furnace and held at the desired
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temperature for an hour or more to attain temperature equilibrium.
During this period the doors of the calorimeter were held open by
the brass collar attached to the Nichrome screen quenching mechan-
ism. The temperature of the mercury in the calorimeter was meas-
ured (in terms of total e.m.f. of the series of calorimeter thermo-
couples) at intervals to obtain the rate of change of temperature.
This rate was always close to zero.
The sample was then dropped into the calorimeter in the same
manner as that used in the calibration runs. The correction for heat
content of the container was applied, and the remainder (AE' in mv.)
was therefore due to the glass alone. This quantity was substituted
in the calibration equation
AE' = 0.00096072 AH + 0.11
to determine the quantity of heat liberated by the glass (AH), from
which the mean specific heat of the glass was computed.
Since the precision of the method was dependent on the close du-
plication of experimental and calibration trials, attempts were made
to follow the same procedure in all tests.
V. RESULTS OF SPECIFIC HEAT TESTS
15. Condition of Glass After Quenching.-The quenching process
produced highly strained glass, and the specific heat data apply
therefore to glass in that lower temperature state.
If similar measurements were made on the glasses when the rate of
cooling was slow enough to produce an annealed glass in the final
state, a slightly different result would be expected.*
Attempts were made to determine the difference between a
strained and an annealed sample by measuring their mean specific
heats from 400 deg. C. to room temperature. However, the precision
of the method was not sufficient to detect the difference which prob-
ably existed between the mean specific heats corresponding to the
two states.
16. Results of Tests on Various Commercial Glasses.-Table 3 lists
measurements which were made by the method described for deter-
mining mean specific heats of glasses. The mean specific heats com-
*A. Q. Tool and J. Valasek: Bur. of Standards Sci. Paper No. 358, Washington, 1920. Thermal
effects in the annealing range are discussed.
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TABLE 3
MEASUREMENTS OF MEAN SPECIFIC HEATS OF SOME COMMERCIAL GLASSES
Glass
No.
1
2
3
4
5
6
7
8
9
Glass
Temperature
In Fur-
nace
01
deg. C.
1048
1058
1001
1007
954
957
902
893
849
850
804
805
1001
1000
800
800
1002
1000
803
802
998
1002
798
801
1003
1000
799
801
998
997
801
802
1002
999
799
801
1000
1002
801
800
1012
998
In Calo-
rimeter
02
deg. C.
46
47
41
39
* 46
48
43
45
44
47
37
38
43
37
38
38
43
45
37
37
39
42
38
36
38
44
35
34
40
41
Rise in Total
E.M.F. of Ther-
mocouples in
Calorimeter
Change
in Tem-
perature
AO
deg. C.
1007
1013
963
966
917
917
865
854
814
813
769
768
955
953
759
761
956
952
760
757
954
955
761
763
960
963
761
763
955
952
764
765
963
957
761
765
962
958
766
766
972
957
Ob-
served
AE
mv.
7.66
7.77
7.27
7.49
6.88
7.01
6.40
6.37
5.99
6.00
5.59
5.58
7.33
7.30
5.44
5.47
7.15
7.04
5.54
5.56
7.28
7.33
5.35
5.40
7.23
7.18
5.36
5.42
6.50
6.98
5.19
5.16
5.96
5.87
4.48
4.49
6.57
7.25
4.97
4.30
5.06
6.86
Cor-
rected
for Pt
Con-
tainer
AE'
mv.
6.19
6.29
5.87
6.08
5.54
5.67
5.13
5.12
4.81
4.83
4.50
4.49
5.94
5.91
4.37
4.40
5.76
5.65
4.47
4.49
5.89
5.94
4.27
4.32
5.83
5.77
4.28
4.34
5.11
5.59
4.11
4.08
4.55
4.47
3.40
3.41
5.17
5.85
3.89
3.22
3.64
5.46
Mass of
Glass
m
grams
5.060
5.060
5.075
5.270
5.075
5.270
5.075
5.060
5.060
5.060
5.071
5.075
5.225
5.225
5.225
5.225
5.118
5.118
5.118
5.118
5.158
5.158
5.158
5.158
5.100
5.100
4.926
5.100
4.652
5.087
4.652
4.652
5.083
5.083
5.083
5.083
4.589
5.156
4.509
3.741
3.377
5.150
Mean Specific
Heat of Glass
Heat Lib-
erated in
Calorim-
eter by
Glass
AH
joules
6325
6433
5995
6214
5652
5787
5225
5215
4892
4913
4569
4559
6068
6037
4434
4465
5881
5767
4538
4559
6016
6068
4330
4382
5954
5891
4340
4403
5204
5704
4164
4132
4632
4538
3425
3435
5267
5975
3924
3227
3674
5569
Average
Value
calories
per gram
per
deg. C.
0.298
0.292
0.288
0.287
0.285
0.280
0.290
0.268
0.285
0.280
0.293
0.265
0.289
0.274
0.281
0.279
0.224
0.211
0.287
0.271
0.269
j oules
per gram
per
deg. C.
1.242
1.255
1.227
1.220
1.214
1.195
1.190
1.207
1.188
1.194
1.172
1.170
1.216
1.212
1.118
1.123
1.202
1.184
1.167
1.177
1.223
1.232
1.103
1.113
1.216
1.200
1.158
1.131
1.171
1.178
1.171
1.161
0.944
0.933
0.885
0.883
1.193
1.210
1.139
1.129
1.119
1.130
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TABLE 4
MEAN SPECIFIC HEATS OF BOTTLE GLASS NO. 1
Mean Specific Heat Temperature Interval
cal. per gram per deg. C. deg. C.
0.280 40-800
0.285 40-850
0.287* 40-900
0.288 40-950
0.292 40-1000
0.298 40-1050
*This value may be compared with that of a soft tubing glass, 0.279 over the temperature interval
0-900 deg. C. (W. P. White: Am. Jour. Sci. 28, 343, 1909), and with the values of Schwiete and Wag-
ner (loc. cit.) for three bottle glasses which ranged from 0.2675 to 0.2779 over the interval 18-900 deg. C.
puted from Table 3 are summarized in conjunction with the chemical
analyses of the glasses listed in the following:
Glass No. 1
This soda-lime glass is a bottle composition furnished by the
Bureau of Standards as its Standard Sample No. 80. The following
composition is quoted from the certificate of analysis of the Bureau
of Standards:
Si0 2-74.1 per cent MnO- 0.003 per cent
A120 3- 0.33 " " Na20O-16.65 " "
Fe20 3- 0.065 " " K 20- 0.04 " "
TiO2- 0.02 " " SOa- 0.41 " "
ZrO 2- 0.003 " " As 205-- 0.07 " "
CaO- 4.65 " " As20 3- 0.03 " "
MgO- 3.23 " " Cl- 0.047 " "
Loss on ignition- 0.30 " "
Table 4 gives the mean specific heats of this glass at various
temperatures up to 1050 deg. C.
Glass No. 2
This soda-lime composition is used in the manufacture of electric
lamp bulbs. The chemical analysis was stated to be
Si0 2-71.88 per cent MgO- 3.64 per cent
A120 3- 1.21 " " Alks.-17.59 " "
Fe 203- 0.07 " " SO 3- 0.41 " "
CaO- 5:01 " " As20 3- 0.20 " "
The mean specific heats of this glass are
0.268 cal. per gram per degree C. from 40-800 deg. C.
0.290 cal. per gram per degree C. from 40-1000 deg. C.
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Glass No. 3
This bottle glass has the composition
SiO 2-73.28 per cent MgO- 3.88 per cent
A120 3 + Fe20O- 0.48 " " BaO- 0.24 " "
CaO- 5.31 " " Alks.-16.31 " "
The mean specific heat was found to be
0.280 cal. per gram per degree C. from 40-800 deg. C. and
0.285 cal. per gram per degree C. from 40-1000 deg. C.
Glass No. 4
This glass is used in the manufacture of milk bottles. Its chemical
composition is
SiO2-74.95 per cent CaO- 4.79 per cent
A120 3 + Fe 2O3- 1.13 " " MgO- 3.30 " "
Alks.-15.83 " "
Results of mean specific heat measurements gave the values:
0.265 cal. per gram per degree C. from 40-800 deg. C.
0.293 cal. per gram per degree C. from 40-1000 deg. C.
Glass No. 5
A sample of plate glass of the following composition
SiO2-71.58 per cent MgO- 0.10 per cent
A120l- 0.54 " " Na 20-14.00 " "
Fe 203- 0.12 " " Na 2SO 4- 0.66 " "
CaO-12.94 " " NaCl- 0.06 " "
possessed the following mean specific heats,
0.274 cal. per gram per degree C. from 40-800 deg. C.
0.289 cal. per gram per degree C. from 40-1000 deg. C.
The heat treatment necessary in the specific heat trials resulted in
slight devitrification of this glass which affected the determinations
to a small extent.
Glass No. 6
This soda-lime glass contains considerably more alumina than is
usual. Its chemical composition is as follows:
SiO2-74.84 per cent CaO- 2.55 per cent
A1203 + Fe20 3- 4.36 " " MgO- 1.77 " "
Alks.-16.48 " "
(Fe20O is probably <0.10 per cent.)
The mean specific heats of this glass are
0.279 cal. per gram per degree C. from 40-800 deg. C.
0.281 cal. per gram per degree C. from 40-1000 deg. C.
The difference in these values is considerably less than the corre-
sponding difference found for other glasses.
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Glass No. 7
This lead glass composition has been used in the manufacture of
electric lamps. Its composition is
SiO2-61.91 per cent K20-6.19 per cent
PbO-22.23 " " Na20O-8.32 " "
A120l- 1.00 " " As 20 3-0.20 " "
Fe20s- 0.15 " " CaO, MgO-traces
The mean specific heats of this glass are considerably lower than
the values pertaining to the other glasses tested, being
0.211 cal. per gram per degree C. from 40-800 deg. C.
0.224 cal. per gram per degree C. from 40-1000 deg. C.
Glass No. 8
This borosilicate glass is the Standard Sample No. 93 of the Bureau
of Standards. The provisional certificate of analysis of the latter
states the following composition:
Si0 2-80.1 per cent K 20-0.15 per cent
B 20--12.6 " " SOs-0.01 " "
A120 3- 1.92 " " Cl-0.03 " "
Fe2Os- 0.077" " Ass20 3-0.09 " "
TiO2- 0.026" " As20 5-0.14 " "
ZrO2- 0.014" " Loss on
MgO- 0.02 " " ignition-0.67 " "
Na20O- 4.17 " "
The mean specific heats were found to be
0.271 cal. per gram per degree C. from 40-800 deg. C.
0.287 cal. per gram per degree C. from 40-1000 deg. C.
Some devitrification of this glass occurred during the tests which
would probably lower the values somewhat.
Glass No. 9
This sample was an opal glass obtained from the Bureau of Stand-
ards, from whose certificate of analysis the following composition
is quoted:
SiO2-67.53 per cent FesOa-0.081 per cent
CaO-10.48 " " PbO-0.097 " "
A120 3- 6.01 " " ZnO-0.08 " "
F- 5.72 " " P 20--0.022 " "
K 2 0- 3.25 " " TiO2-0.019 " '
Na20- 8.48 " " ZrO2-0.0095" "
AS20 3- 0.091 " " Cl-0.014 " "
As 20s- 0.102 " "
MEAN SPECIFIC HEATS OF GLASSES
The mean specific heat was found to be 0.269 cal. per gram per
degree C. This value applies to the heat liberated when the glass is
quenched from a furnace temperature of 1000 deg. C. Since the
appearance and physical constitution of opal glasses are profoundly
affected by heat treatment, mean specific heat values of suddenly
cooled samples may be greatly different from those pertaining to the
same glass when slowly cooled. The foregoing value is reported with
this reservation.
17. Error of Method.-The mean specific heat values which were
deduced for the various glasses were subject to many errors, most of
which were neutralized by the method of calibration.
The measurement of sample temperature was compared with a
thermocouple standardized in the Bureau of Standards with absolute
precision of +3 deg. C. at 1000 deg. C. The temperature of the
sample after dropping in the calorimeter was correct to + 0.5 deg. C.
The sum of these errors is + 0.35 per cent at 1000 deg. C.
The error inherent in the method can be judged best, perhaps, by
the concordance of the individual observations. The average error of
the duplicate determinations of Table 3 is + 0.55 per cent. The sum
of the absolute error and the average error of observations is + 0.9
per cent. The mean specific heat values for vitreous silica, which was
the standard substance used in the experiments, are probably in error
less than + 0.1 per cent. The sum of these errors gives ± 1.0 per cent
as a value for the absolute accuracy of the determinations made at
furnace temperatures of 1000 deg. C.
An additional test of the precision of the method was made by
measuring the mean specific heat of quartz and comparing the result
with other published data. Fragments of clear quartz crystals were
used in obtaining the following data:
Weight of empty platinum container, 10.605 g.
Weight of quartz in container, 5.899 g.
Temperature of sample at time of drop, 827 deg. C.
Temperature of sample after quenching, 37 deg. C.
Rise in e.m.f. of thermocouples in calorimeter, 6.19 mv.
Rise corrected for platinum container, 5.06 mv.
Mean specific heat from these data, 0.264 cal. per gram per
degree C.
Mean specific heat over same temperature interval computed
from other published data, 0.262 cal. per gram per degree C.
Difference, 0.002 cal. per gram per degree C. or 0.75 per cent.
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VI. CONCLUSION
18. Conclusion.-The foregoing account describes a modification
of the "dropping method" of determining mean specific heats, and
gives the results of the study of several important types of commercial
glasses. If polymeric transformations in glass occur, as is held by
some, a more refined method must be used in order to determine the
mean specific heats over very small increments of temperature in
order to establish them.
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